This paper demonstrates a novel approach for learning about earthquake victims behavioral responses to an emergency situation in the immediate aftermath of an earthquake. Researchers developed an emergency scenario that describes students' reactions following a magnitude 7.8 earthquake that leads to complications that escalate over eight episodes. Subjects were assigned to scenario simulation groups (SSG) of about a dozen students each and instructed to discuss how they would cope with problems and issues as if they were the people described in the scenario. Subjects first discussed their reactions and the potential decisions they might have to make as a group. They were then asked to individually record their behavioral intentions, cognitive reactions (concern) and emotional state (fear) in a survey instrument. Subjects' responses were tracked over the eight episodes of the scenario.
INTRODUCTION
For decades the study of earthquake mitigation, response, and recovery has been a topic of scientific inquiry as researchers seek to improve disaster management. During this time, researchers have identified and addressed earthquake problems that span across all five stages of disaster -planning, crisis communication, response, relief and recovery. Some studies have assessed how earthquake planning challenges are greatly influenced by the extent of involvement of local, state and federal organizations (May 1991; Berke and Beatley 1992; Godschalk et al. 1999; Nelson and French 2002) and the general public in at-risk seismic regions (Kartez and Lindell 1990; Pearce 2004) . Other studies have focused on the immediate aftermath of an earthquake, where the effectiveness of coordination among emergency responders (both locally and nationally) in providing response services and restoring order is of greatest research concern (Drabek 1985; Tierney 1985; Fiedrich et al 2000; Saab et al 2008) . Lastly, research has focused on whether the losses of victims are addressed through the provision of aid, services and goods during the weeks and months following an earthquake (Berke et al. 1993; Fiedrich et al 2000) . Also of concern is how the disaster's cost consequences are born not solely by the victims, but distributed across the nation (Brookshire et al. 1997; Okuyama and Chang 2004) .
Disaster response officials use study findings to develop policy programs that are intended to provide technical, economic and political improvements to earthquake preparedness and response efforts. Unfortunately, history has shown that these programs have not provided solutions that optimize disaster response and maintain ongoing readiness of at-risk communities. The remedies proposed are ineffectual because they fail to account for the variation in human behavior in crisis situations.
The decision making of responders relative to disaster communication, coordination and command are instrumental to the successful implementation of the preparedness and response infrastructure developed by researchers and policy makers. Often times in the aftermath of a catastrophic earthquake the technical and resource assets of policy programs are temporarily unavailable or destroyed. Human behavior alone then becomes paramount for response. It is the strategic thinking of first responders, managerial skills of local officials and the general readiness of response officials that jointly determine the effectiveness and speed of disaster recovery efforts.
Furthermore, the consideration of human behavior extends beyond that which is required to operationalize disaster response programs. Following an earthquake, situations arise that researchers and response officials could not have anticipated. Delays in the delivery of assistance from formal response agencies may result in victims needing to rely on their own resourcefulness in the first hours or days of an emergency. The ingenuity and decision making of victims is an important part of understanding what to expect and how to manage disaster situations.
Social scientist investigation into the behavioral aspects of earthquakes has focused on the final episodes of the event, with much of the research and policy making emphasis placed on treating trauma and post-traumatic stress. More recently, the argument has been made that integrating behavioral science research into preparedness and response efforts will improve earthquake management in all the major stages of a disaster.
Behavioral researchers have since studied how residents in seismic risk zones experience with earthquakes, level of education and personal earthquake preparedness impact disaster response (Eisenman et al. 2006; Heller et al. 2006) , and influence their perception of earthquake risk (defined in terms of event likelihood and consequence) (Slovic et al. 1981; Palm and Hodgson 1992; Shaw et al. 2004) . Following the incidence of an earthquake, behavioral scientists have directed their efforts toward evaluating the public response to hazard information and risk communication (Glass 2001; Eisenman et al 2007) , the public (both victims and non-victims) response and communication in the weeks and months post event (Mileti and Fitzpatrick 1992; Glass 2001) , and the victim's household, workplace and personal preparedness adjustments (Palm and Hodgson 1992; Lindell and Perry 2000) .
There has been less research attention to individual choices and social networking both during and in the immediate aftermath of earthquakes. Little is known about the actions taken by victims during and immediately following shaking, how they would attempt to communicate with emergency responders, or what decisions they might make when determining how to remove themselves and others from harm's way. Researchers have deferred to risk perception studies to estimate the magnitude and nature of public perception of earthquake risk (Slovic et al. 1981; Palm and Hodgson 1992; Shaw et al. 2004 ). However, perception of risk may not capture the rich context of emotional and cognitive responses following an earthquake. In a similar vein, research on social networking in a disaster situation has focused primarily on how the altruistic nature of victims toward helping themselves and others runs a quick course in the first few days following an event (Dynes 1994; Tierney et al. 2001) . Knowledge of whether the same rational and philanthropic nature of victims holds true for people struggling through emergency situations in the immediate aftermath of a disaster is unknown. Computer scientists have attempted to bridge this temporal gap by developing models designed to capture real-time warning and response activities. Their work, however, focuses more on simulating the support of varying information pathways relative to different post-disaster functions, and less on addressing the impact of information dissemination on decision making of victims and emergency responders (Palen and Liu 2007) .
We believe there is more to be learned about the individual responses of and social networking among earthquake victims. In this paper, we describe a new approach for studying how peoples' individual and collective actions, emotions, and concerns transform during an escalating emergency following a magnitude 7.8 earthquake. We then demonstrate its application in two separate scenario simulation groups (SSGs) of college students.
The impetus for this study was California's 2008 Golden Guardian Emergency Preparedness Exercise -an earthquake simulated event designed to test the state's ability to prevent, respond to and recover from a terrorist attack or catastrophic natural disaster. We designed an earthquake simulation exercise that narrates through an escalating emergency in the aftermath of a 7.8 earthquake. The scenario was written to progress over eight delineated episodes. Participants were randomly assigned to a SSG where in they were instructed to imagine they were students in a classroom when the earthquake occurs and told to role-play their "real-time" reactions to each disaster episode. Realistic notions about public response and needs are captured by how participants' actions, fears, and concerns evolve as they interact with other SSG participants and struggle for survival through the crisis. More specifically, we explore how the study design might provide additional insight into the following research questions:
1. What are college students' immediate affective, cognitive, and behavioral reactions to the simulated magnitude 7.8 earthquake?
2. How do concerns change during an escalating emergency following an earthquake? 3. How does fear change during an escalating emergency following an earthquake? 4. What actions are taken and decisions made to protect oneself and others during an escalating emergency following an earthquake? 5. Do men and women differ in their pattern of self-reported fear ratings over time?
The next section of this article describes the simulated earthquake scenario and the methodology used for assessing subjects' behavioral, emotional and cognitive responses to the event. Section three reports the findings from two separate SSGs, and Section four summarizes our conclusions and examines the benefits of the SSG approach for informing policy decision makers.
METHODOLOGY PARTICIPANTS
Flyers were posted and handed out around the USC campus to recruit undergraduate and graduate student volunteers to participate in the simulated earthquake scenario study. The flyer explained that the purpose of the study was to learn more about social interactions during an emergency situation and provided information about the time, location and compensation provided for their participation. Subjects were compensated $10 per hour for a two-hour session (for a total of $20) on the day of the earthquake simulation exercise. They also were given a chance to win one of three Apple iPods. A total of 23 students participated in the exercise.
STUDY DESIGN Earthquake Scenario
The scenario opens with a shaking video simulating the occurrence of a magnitude 7.8 earthquake in the Los Angeles Basin. The video is followed by a narrative describing an emergency that escalates over eight episodes following the earthquake. Episode One opens with the earthquake hitting shortly after students have arrived and settled in for their morning class. Following the earthquake, students discover their professor is seriously injured and they are unable to call for help as cell phone service is down. Over Episodes Two through Four the situation continues to worsen for the class. The students are trapped in a room with no power, no windows and a door that is forced shut by fallen debris on the other side. Some students also start to smell smoke, which creates concern about a fire in the building. To further complicate matters, the Professor's wounds are so severe that he loses consciousness.
In Episodes Five and Six, the students manage to pry the door to the hall-way open. One of the smaller girls is able to slip through the door and survey the situation outside while other students continue to work on widening the door opening. During this time, the building fire alarms are blaring and the smell of smoke continues to strengthen. There is an escalating urgency to evacuate the building as soon as possible. In Episodes Seven and Eight the class makes its way out of the building, while grappling with the challenges of safely removing their professor and deciding how, if at all, to help students trapped inside an elevator. The scenario closes with the students about to exit the building as they begin to learn of a chlorine plume heading toward the campus from a truck overturned on a nearby freeway during the earthquake. A summary of the earthquake simulation scenario by episode is provided in Table 1 . 
EARTHQUAKE SIMULATION SCENARIO SUMMARY

Measures
Premeasure
Prior to participating in the SSG earthquake exercise, subjects completed a premeasure that included demographic questions about, sex, age, geographic region of origin, year in school and academic area of study. The premeasure also asked subjects about their earthquake experience and included a 30-item perceived control measure, both of which are not included in this report. At 10:05 am the students are sitting in the darkness listening to he noises around them. One student feels her way to the door to discover that the is jammed leaving the students and the Professor trapped inside. Fire alarms also have started going off throughout the building.
3
Stuck in the classroom, students are left listening to the screaming and bustling from outside the building. The Professors is now unconscious and its up to the students to get him medical attention immediately.
4
Now 25 minutes after the earthquake, the sound of alarms and smell of smoke have students concerned there is a fire in the building -placing more pressure on the class to find a way out of the building.
5
The doorway becomes more manageable to open. One of the smaller classmates is able to slip through the opening and goes survey the damage outside. She reports of serious wreckage outside and confirms suspicions of a fire in the building.
6
By 10:45 am, some of the larger boys in the class make significant progress in getting the door open. The smell of smoke is getting stronger and visibly thicker. There is a sense of urgency among students to evacuate from the classroom.
7
By 10:55 the students have evacuated the classroom carrying the Professor out with them on some of the larger boys shoulders. While heading for the building exit, they come across students trapped in the elevator and are uncertain of how, if at all, to help them.
8
As students approach the building exit, they come to a stop as they see a group by the doors and no one is moving. They are informed there is talk of a chlorine plume sitting over the University's campus. Uncertain about the consequences of the clouds toxins, the students are uncertain about what to do. Table 2 . Sample background and demographic breakdown
SAMPLE DEMOGRAPHIC DATA
Survey Instrument
To catalog the SSG reactions to the earthquake scenario, subjects completed a short round of survey questions after each episode. Subjects were told they would be responding to questions asking them to describe their concerns and intended actions, and to rate their fear level related to the simulated earthquake scenario. Table 3 lists the survey questions asked in sequential order and the scales, when applicable, used for each. After watching an earthquake shaking video and learning that the simulation involved a Exercise) subjects reported for participation in a two-hour earthquake simulation exercise.
SURVEY QUESTIONS AND RATING SCALES
Upon arrival, subjects were divided into two SSGs (12 subjects each) -the rationale being that smaller groups would foster more active participation in the role-play desired for the simulation. Once in their designated classrooms, SSG participants were asked to watch an earthquake video. The video contained a sequence of segments depicting the shaking that occurs during earthquakes and the subsequent array of consequences that might ensue.
Following the video, each SSG moderator read the episode narrative using a PowerPoint presentation and facilitated discussion among the 12 SSG participants thereafter. The moderator read the contents of each episode while participants followed on the PowerPoint display and then instructed them to discuss the episode events as if they were actual victims of the earthquake. Following the group discussion, subjects were directed to individually report intended actions, concerns, and fears related to the latest episode of the simulated earthquake scenario.
SSG moderators allocated a total of 9 minutes for the execution of each episode; 1 minute for reading the scenario, 6 minutes for group discussion, and 2 minutes for survey completion. This process was repeated over 8 times (72 minutes total) for each of the scenario simulation episodes.
RESULTS
IMMEDIATE RESPONSE TO SHAKE
Immediate responses to the earthquake video are summarized in Table 4 . By over a 2 to 1 margin, respondents favored a duck and cover action over running out of the building.
Over 90% of the respondents indicated that they would first attempt to contact family, and only about a quarter indicated they would first attempt to contact emergency services. [Note:
Percentages sum to greater than 100% since some indicated multiple contacts.] Every respondent indicated that they would attempt to use their cell phone immediately after the shaking stopped; other modes of communication included email and in person, both less than 20%. About a third of the respondents most wanted to know about the location and extent of damage caused by the earthquake and about a quarter of the respondents indicated they would seek information about each of the following: fate of family and friends, advice from official emergency response officials, medical needs of those nearby and casualties resulting from the quake. Relatively few respondents indicated interest in practical information about loss of water, power, and transportation infrastructure (13%), risk of aftershocks (8%), and location of evacuation centers (4%). Surprisingly, 13% of respondents indicated they would not seek any information. Overall, subjects indicated they were very afraid of the magnitude 7.8 earthquake described in the video. Mean fear ratings were 4.24, with over half of respondents indicating maximum fear (5) and three quarters of the respondents indicating fear levels of either 4 or 5.
IMMEDIATE RESPONSE TO THE MAGNITUDE 7.8 EARTHQUAKE VIDEO
The overwhelming majority of respondents (87%) indicated a belief that a magnitude 7.8 earthquake in the next 30 years is more likely than not, and an overall median response probability of 0.75. Respondents also agreed that a magnitude 7.8 earthquake would disrupt their life a great deal; mean rating of 4.30, with over half indicating maximum disruption (5) and the vast majority (87%) rating daily life disruption as either a 4 or 5. The largest variability in responses to the earthquake are related to subjects' ability to effectively respond to such an event, with responses evenly distributed across the 5 point scale (mean = 2.8). six categories: (1) Lack of preparation, (2) Family and friends, (3) Escape (evacuation), (4) Aiding the injured, (5) Immediate dangers to self and (6) Calling for rescue. Percentages of respondents indicating concerns for each of these categories are plotted across all 8 episodes in Figure 1 . Concerns about lack of preparation and concerns about family and friends are common during Episode One, but are extremely rare or nonexistent after Episode One. The dominant concern after Episode One is about finding an escape route out of the damaged and burning building. Providing immediate medical assistance to the injured, including the professor, is subordinate to finding an escape. The lack of cell phone service extinguishes concerns about calling for help, although there are some initial concerns related to signaling to others on the ground through the windows. As the situation increases in severity over the 8 episodes, respondents concerns about the immediate dangers to their own safety also increases steadily. As the situation worsens, concerns shift to escape and danger to self;
RESPONSE TO ESCALATING SCENARIO
however, concerns about the injured remain a focus for a subgroup of the respondents. 
MAJOR CONCERNS BY EPISODE
REFLECTIONS ON THE SIMULATION
Upon completion of the earthquake simulation exercise, respondents were asked to reflect on the experience just completed. When asked to identify a single most desired technological device during the simulation, 70% indicated a working cell phone and about a quarter of the respondents indicated an oxygen tank and mask.
Responses to the open ended question to identify "take-away" lessons from the simulation were quite varied. These responses were coded into four categories: (1) Importance of preparation (56.5%),
Importance of teamwork (34.8%), (3) Importance of staying calm (26.1%), and (4) Scariness of quake simulation (17.4%).
DISCUSSION
We have introduced a new approach to the study of public reactions to a simulated life threatening scenario following a devastating earthquake. The use of a simulated earthquake scenario and the SSG approach (group discussion followed by individual responses for each of the eight scenario episodes), allowed us to effectively capture participants' reactions, including concerns, fears, and intended actions in an escalating emergency situation.
Understanding public concerns, fears, and actions is critical to the development of effective policies for earthquake emergency management. The study and results from 2 college student groups is a demonstration of the type of information and insights possible with using the approach. Studies applying the SSG group design using specific demographic groups (e.g., older adults, mothers with children, etc.) would provide insight into potentially influential variables for predicting public response in the aftermath of a devastating earthquake. Additionally, experimental studies systematically manipulating aspects of the simulated scenario are a potentially powerful approach for exploring the impacts of mitigation strategies and risk communication efforts on public concerns, fears, and actions following an earthquake.
Ultimately, future studies using this SGG approach are intended to provide policy makers and emergency responders with information about public behavior in the immediate aftermath of a disastrous earthquake. This information is critical for (1) providing insight into how earthquake victims respond and cope in the aftermath of an earthquake and (2) contributing to the development of effective organizational policies related to earthquake emergency response.
